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This very small fern, P. makinoi, is distributed in Japan, Korea, China 
and Ussuri of the USSR. Usually the small colony of this plant is found on 
the damp rocks in woods within the moss-carpets of Thuidium kanedae and 
Rhytidiadelphus japonicus in Japan. 

The systematic position of this fern is very problematical. It is not 
fixed yet to what kind of groups of the leptosporangiate ferns the species 
belongs. For example, Fomin (1934) by whom the genus name of Pleuro¬ 
soriopsis is registered includes this in his subfamily Asplenieae. Similarly 
Christensen (1938), Ching (1940) and Holttum (1947) treat it as a member 
of asplenioid ferns. On the other hand, Copeland (1947) put it into his 
Pteridaceae suggesting the close affinity between Pleurosoriopsis and Ano- 
gramma, and recently Holttum (1973) deals with this as a species of the 
Hemionitidaceae sensu Pichi Sermolli. 

The gametic chromosome number of this fern, n=72, is already reported 
by Mitui (1970). More recently Masuyama (1975) studies the gametophytes 
of this species and he suggests very close relationship between this and the 
members of the Polypodiaceae sensu stricto. In this paper, the present authors 
report another cytological record in addition to morphology, and discuss the 
systematic position of this species. 

Materials and methods 

Used materials were obtained from the Amagi Pass, Shizuoka Prefecture 
and a bank of Naguri river, Saitama Prefecture. Both somatic and gametic 
chromosomes were observed in the squash preparations which were treated 
as follows. To obtain meiotic figures, very young fertile fronds were fixed 
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in 1:3 acetic acid-alcohol for 24 hours or longer, and the sporangia alone 
were squashed in a drop of aceto-carmine. To obtain somatic preparations, 
intact root-tips were treated with 0.002 mol 8-hydroxyquinoline for 3 hours 
at 25°C and were fixed in acetic acid-alcohol, for 5 minutes. Then the 
materials were macerated in 1 normal HC1 at 60°C for about one hour and 
were squashed after the addition of aceto-carmine. The anatomy of rhizomes 
and petioles was studied by usual paraffin methods, and the size of stomata 
was measured in the basal part of frond of the adult plants. 


Observations 



Fig. 1. The metaphase of a somatic ceils in the material 
from a bank of Naguri river, showing 2n=ca. 144. 
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Fig. 2. A spore mother cell in the material from the 
Amagi Pass, showing 36 univalents and 36 bivalents. 


In the material from 
a bank of Naguri river, 
a somatic chromosome 
number of ca. 144 is count¬ 
ed (Fig. 1) and 64 bilat¬ 
eral spores are observed 
in each sporangium. On 
the other hand, the course 
of meiosis of the material 
from the Amagi Pass is 
very irregular and conse¬ 
quently 16 spore mother 
cells in a sporangium 
give rise to abortive 
spores which show very 
aberrant form and num¬ 
ber. In some spore 
mother cells, 36 bivalents 
and 36 univalents are 
observed at the first 
meiotic metaphase (Fig. 
2). Therefore the basic 
chromosome number of 
Pleurosoriopsis is proba¬ 
bly 36, thus the plant 
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from a bank of Naguri river may be a tetraploid as well as Mitui’s material 
from Nagano Prefecture, and the plant from the Amagi Pass may also be a 
triploid race. 

Now the authors refer to the other characteristics of this species besides 
cytology. The creeping rhizomes are somewhat flattened and usually have 
two rows of meristele bilaterally (Fig. 3-a). At rare intervals these two 



Fig. 4. The schematized vascular behaviour of the rhizome. cb=coupling bundle, 
m=meristele, l=leaf trace, r=root trace. See text. 


meristeles are joined by a coupling bundle (Fig. 4-a and 4-c). Usually the 
fronds which are arranged alternately receive only one leaf-trace from either 
of the two meristeles (Fig. 3-b, 4-a and 4-b), but it is observed rarely that 
the derivative bundles from either of the two meristeles unite together and 
becomes a leaf-trace (Fig. 4-c). While the rhizomes having only one vascular 
bundle (Fig. 3-c), from which the leaf-trace branches off alternately, are 
also observed (Fig. 4-d). As shown in Fig. 3-d, there is no distinct structure 
of articulation in the petiole. Namely the isodiametric cells of rhizome 
gradually change places with elongated cells of petiole. The scales are only 
on the rhizome, rather abundant near the shoot-tip. At the basal part of 
scales there are some rhizoid-like unicellular hairs (Fig. 5). Both surfaces 
of the rhizome and frond are overgrown with trichomata. The 2-celled 
hairs which are 100 to 130 p long by 30 pi to 40 pi wide are only observed on 
the surface of lamina, and rarely these hairs bear a unicellular appendage 
(Fig. 6-a). While there are many long multicellular hairs on the rachis 


— 10 — 





Fig. 5. The scales on the rhizome. 


Fig. 6. The multicellular hairs observed on both surfaces of the lamina and rachis. 


and around the lamina, and the size of these hairs ranges from 250 ;j. to 
400 [x in length (Fig. 6-c, d and e). In addition to the hairs mentioned 
above, very peculiar ferrugineous hairs are found on the petiole and rhizome. 
The majority of them are unicellular filiform hairs which range from 
1 mm to 3 mm in length (Fig. 7-a) and these may be a homologue of (the 
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Fig. 7. The very peculiar trichomata on the rhizome and petiole of P. makinoi. 


rhizoid-like appendages on the surface of scales. The rest is a complex of 
this unicellular hairs. Namely two or more hairs attach themselves to a 
basal pivot-like cell or cells as a epidermal protrusion (Fig. 7-b, c and d). 
The stomatal type of both triploid and tetraploid is “II B” as reported by 
Kondo and Toda (1956). The size of stomata, however, varies with the 
level of ploidy as well known. So far as the present investigations are 
concerned, the mean value (X) of longitudinal length is 70.2 g and standard 
deviation (S) is 4.06 g in the triploid race. While, in the tetraploid race, 
A is 76.1 g and S is 4.52 g. 


Discussion 

The hypotheses about the systematic position of this monotypic genus 
Pleurosoriopsis, may be divided into three categories. The first opinion, 
represented by Copeland (1947), is that the genus is closely related to the 
gymnogrammoid ferns such as Anogramme. The second, represented by 
Christensen (1938), is that it is a member of the asplenioid ferns. And 
the third which is asserted by Masuyama (1975) is that this species is closely 
related to the Polypodiaceae sensu Copeland. 

At cytological point of view, the phylogenetic relations between this 
and gymnogrammoid ferns are altogether unimaginable. Because the basic 
chromosome number of 36 of Pleurosoriopsis distinctly differs from that of 
gymnogrammoid ferns and most of them have the basic chromosome number 
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of 29 or 30. Moreover this basic number, 36, is not found even in the 
Pteridaceae sensu lato so far known. On the other hand, almost all the 
species of the Aspleniaceae sensu Alston have the basic number of 36 as 
well known. In the Polypodiaceae sensu stricto, a little under half the 
species so far studied cytologically also has this basic chromosome number. 
Therefore, there is no denying to put P. makinoi into the Aspleniaceae or 
Polypodiaceae. In like manner, however, it also can not be rejected to put 
this species into other families such as the Grammitidaceae judging from 
only the cytological point of view. 

Apart from cytology, the sporophytic characters of P. makinoi are com¬ 
pared with those of the species of other families, the Hemionitidaceae, 
Aspleniaceae, Polypodiaceae and Grammitidaceae. The very simplified vas¬ 
cular bundle system of the rhizome is peculiar to this species. The authors 
can not find such a type of vascular bundle in any families mentioned 
above. But it may be an extremely reduced dictyostele. Almost all the 
species of the Aspleniaceae and Polypodiaceae have the dictyostele, while 
the Hemionitidaceae and Grammitidaceae have the solenostele instead. 
Except the taxa having the protostele, the presence of such a petiole with 
only one leaf-trace from a meristele is rather uncommon in ferns. In 
the authors’ opinion, however, this may be a simplification attendant upon 
diminution in plant size. 

The cortex area of petioles of almost all species of the Polypodiaceae 
appears to be composed of two morphologically different types of parenchy¬ 
matous cells and the abscission zone is formed at the interface of those 
two cell types (Phillips and white, 1967). According to the authors’investi¬ 
gation, however, there is no definite structure of articulation in the petiole 
of P. makinoi. 

The characters of epidermal tissue are often used to determine the af¬ 
finity between ferns. In this connection, however, the type of stomata is 
unserviceable to search the systematic position of P. makinoi among the 
families mentioned above, for the type “II B” is found in many species 
irrespective of the family. However, most of the species of the Aspleniaceae 
and Polypodiaceae have the “III B” and the “II B” is rather common in the 
Grammitidaceae and Hemionitidaceae (Kondo, 1962). On the other hand, 
the non-clathrate scales with some ferrugineous unicellular appendages may 
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be specific to P. makinoi. But the scales of some species of the Polypodiaceae 
such as Polypodium someyae, Neocheiropteris ensata and Microsorium pteropus 
are somewhat similar to those of P. makinoi, and of such species as Asplenium 
excisum and A. cardiophyllum also have a resemblance to those of the species. 
The two-celled hairs on the surface of lamina (Fig. 6-a and b) and the 
gametophytic hairs which observed by Masuyama (1975) resemble each other 
in shape, and this sporophytic hairs have something in common with those 
of Polypodium formosanum and P. so?neyae. The multicellular hairs, which 
are composed of 4, 5, 6, or 7 cells (Fig. 6-c, d and e), are fairly common 
in the advanced groups of the leptosporangiate ferns. On the contrary, the 
trichomes which are composed of some ferrugineous filiform hairs and the 
pivot-like basal cell or protrusion (Fig. 7-b, c and d) are very peculiar to 
P. makinoi. The organizational pattern of this trichome, however, may be 
comparable with that of the stellate hairs of Pyrrosia, a genus of the poly¬ 
podiaceae. 

As mentioned above, the characteristics of epidermal appendages are 
somewhat suggestive of the affinity between P. makinoi and some members 
of the Polypodiaceae. Moreover, the perineless nature of spores (Sahashi, 
1972) and the arrangement of fronds which are restricted to two dorsal 
rows on the rhizome of this species do not accord with the perinate spores 
and the spirally arranged fronds of the typical members of the Aspleniaceae 
(Nayar and Kaur, 1974). While the bipinnate frond with free veins of P. 
makinoi differs distinctly from the simple or pinnatifid frond with reticulated 
veins and a few free veinlets of almost all the species of the Polypodiaceae. 

As to the gametophytic characters of P. makinoi, Masuyama (1975) carried 
out a good study. According to his observations, the gametophytes of this 
species develop into spatula-shaped one at maturity. Such a type of game¬ 
tophytes is also known in many families independently, and it is rather 
common in the Hymenophyllaceae and Vittariaceae. In addition, similar 
type of gametophytes is also reported in the Polypodiaceae (ex. Loxogramme 
salicifolia), Davalliaceae (ex. Arthropteris tenella ), Hemionitidaceae (ex. 
Anogramma leptophylla), Aspidiaceae (ex. Rhipidopteris peltata ), and Asple¬ 
niaceae (ex. Asplenium unilaterale). And well-developed gametophytes of 
P. makinoi usually have the hairs, composed of two or three cells, with a 
unicellular hyaline appendage. This hair shows considerable similarity to 
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these of the Polypodiaceae, so he fosters the idea that P. makinoi seems to 
be most closely related to the Polypodiaceae. However, the similar types 
of hair are also known in the gametophytes of some species such as Anemia 
aurita (Atkinson and Stokey, 1964) and Ctenopteris asplenifolia (Stokey, 1960). 
Moreover, it is very interesting that most of the species which produce the 
spatulate gametophytes are fundamentally rupicolous or epiphytic ferns as 
well as P. makinoi. Therefore, some of the gametophytic characters of this 
species are of little use for the determination of its systematic position, if 
such a nature of gemetophytes is only an analogy or an ecological adaptation 
to their habitat. 

Nevertheless the pattern of spore germination and the early develop- 
mental stages of P. makinoi are very unique, though Masuyama (1975) 
recognized them as Gleichenia-type (cf. Nayar and Kaur, 1971). Namely 
the first and the subsequent walls, parallel to the polar axis of spore, are 
formed by the same manner as seen in the Gleichenia-type, but the first 
rhizoid is produced only after the filamental gametophyte reaches four to 
six-celled stage. This nature is not in accordance with that of the Gleichenia- 
type in which it is formed by the first cell division. Such retardation on 
the formation of the first rhizoidal cell under usual condition is only known 
in the spore germination of the Hymenophyllaceae and the prothallial gemmae 
of both Hymenophyllaceae and Vittariaceae so far as the present authors’ 
knowledges are concerned. In this species, the initiative cell division of 
the two dimensional growth of the prothallium is also peculiar. Namely it 
occurs in the cell second or third from the tip-cell of the filament as usually 
observed in some of the Aspidium-type prothallial development (Nayar and 
Kaur, 1971), but the subsequent development differs from that of the Aspi¬ 
dium-type inasmuch as a wedge-shaped cell is formed in the apex of the 
prothallium in this species (cf. Masuyama, 1975). On the contrary, two 
dimensional growth in the species which perform the Gleichenia-type ger¬ 
mination initiates in the tip-cell, and the type of prothallial development 
of these species is the so-called Drynaria-type or Kaulinia-type (Nayar and 
Kaur, 1971). 

It may be given as a conclusion that there are no strong and sufficient 
reasons denying to include P. makinoi in the Aspleniaceae at cyto-morphol- 
ogical point of view. However, such characters of this species as the non- 
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perinate spore, non-clathrate scales and the petiolar strand which never 
shows the X-shape are not in accordance with the general definition of the 
Aspleniaceae. And also it is sure that there are some similarities between P. 
makinoi and some species of the Polypodiaceae, so far as the characters of the 
epidermal appendages are concerned. Nevertheless, it may be more suitable 
to establish the Pleurosoriopsidaceae for this species judging from the very 
specialized or simplified characters of the both gametophytes and sporophytes. 

Summary 

Two cytological races, triploid (2n = 108) and tetraploid (2n=144), are 
found in P. makinoi, so the basic chromosome number of this may be 36. 
The sporophytic characters of this species are studied, and the nature of 
the gametophytes which has been studied by Masuyama (1975) is also con¬ 
sulted in search of the phyletic relation. After all, the present authors find 
no strong and sufficient reasons denying to include or to exclude this species 
in or from the Aspleniaceae and Polypodiaceae. However, it may be more 
suitable to establish the Pleurosoriopsidaceae for this species judging from 
its very specialized or simplified characteristics. 
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Pedicularis chamissonis Stev. var. japonica Maxim. 

forma albiflora Horii. form. nov. in Iwate Shokubutsu no Kai, 12: 21 
(1975), nom. nud. 

Flores albi. 

Nom. Jap. Shirobana-yotsubashiogama (nov.). 

Hab. Pref. Iwate: Mt Hayachine (Y. Horii, Jul 26. 1976, no. 337463. Typus 
in TNS). (» 
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